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ABSTRACT 


Experiments were conducted to determine the in- 
fluence the chemistry of the roots of three prairie grasses 
Mignt express in the rate of root decomposition and in the 
types of products formed. 

ROOts OF Festuca scabrella (rough tescue), Stipa 
spartea variety curtiseta (western porcupine grass) and 
Stipa comata (spear grass) were collected from the Thin 
Black, Dark Brown and Brown soil zones, respectively, of 
Southern Alberta. These were incubated at 28°C in liquid 


eulture vend sgeratced by bubbling CO,—-free air through the 


2 
liquid. The content of carbon, nitrogen, hydrogen and 
phosphorus in the undecomposed root tissue was measured, 
as was the content of soluble and structural carbohydrates, 
amino acids and lignin. Numbers of carboxyl and methoxyl 
groups were also determined. After various periods of de- 
composition, the water insoluble residues were similarly 
characterized. The water soluble fractions were examined 
spectroscopicaliy but due to limited amounts of sample were 
not as completely characterized chemically. 

The greatest amount of decomposition, in terms of 
Hoss) Of pour Naleroolteweignt, occurred in the roots of 8. 
Svobki ca milcMa ost. 40apercentmoOL Its ach [ree weignt: followed 


by F. scabrella and S. comata losing 34 percent and 31 percent, 


respectively. The loss of carbon by each species did not 
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Follow this trend.» VYhe C/N ratio of the raw roots of each 
species was related to the loss of carbon but not the loss 
ii 20GL Welgnt.. The raw rocts of F. scabrella, S..spartea 
anc po. COMata Were found to have C/N ratios of 35/1, 22/1 
and 18/1, respectively, and experienced a carbon loss of 
32 percent, 28 percent and 33 percent, respectively. 

The highest amino acid content in the raw roots 
was associated with the greatest carbohydrate loss and least 
Tvonin Logs? 

Examination of spectroscopic data (infrared, ultra- 
violet and visible) would indicate no substantial changes 
in the water insoluble materials with degradation mostly 
Occurring in eliphatic groups. Small uncreases in the C/H 
ratios of the root residues support this data. Increasing 
E4/E6 ratios of water soluble materials was considered an 
indication of decreasing chemical complexity in the water 
soluble fraction and possible conversion of aromatic material 
into water insoluble material. 

The incubation period, 47 weeks, and/or the 
conditions for decomposition were insufficient for complete 


humification of the roots and residues. 
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INTRODUCTION 

The four soil zones of Southern Alberta are 
cdattexrentiated by soil color, organic matter content and 
in the case of the Black and Thin Black Soil Zones, the 
depth of the Ahn horizon. Progressing from east to west 
across the province, soil color generally darkens’ and organic 
Matter content of the surface horizon increases as one passes 
through the Brown, Dark Brown and Thin Black Soil Zones. 

Differences in the chemical character of the 
decomposed plant material at sites in each soil zone might 
be attributed to differences in climate, annual plant mat- 
erial additions, the antluence of “the "soil mineral fraction 
and/or differences in the initial chemistry of the plant 
species growing at each site. 

Re foots Of three conmon prairie grasses; Festuca 
Scevrella (rough fescue), Stipa spartea variety curtiseta 
(Westelml POCCUpine Grass) “and Stina cometa, (spear grass), 
were sampled from the Thin Black, Dark Brown and Brown Soil 
zones, respectively. The undecomposed roots were chemicaily 
pheracteri ed and allowed to decompose under laboratory 
conditions. At various intervals, the decomposing roots 
were again chemically characterized to attempt to determine 
the influence of the chemical composition and associated 
microorganisms of the initial root materials on: 


(a) the rate of decomposition of each grass species; 


and (b) the products of decomposition of each grass species. 
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LITERATURE REVIEW 


Products formed during decomposition of plant 
material in soil are partitioned into three main categories, 
A portion is used for synthesis of biomass, while a portion 


is completely mineralized to CO NH", SO, and PO, . The 


ae 4 4 
third category is the humic material formed through reactions 
between extra cellular microbial metabolites, partially 


degraded plant components and existing organic and mineral 


entities in soil. 


Composition of Plant Tissues 


Plants generally contain the same classes of com- 
pounds (waxes, fats, resins, proteins, simple and complex 
carbohydrates, lignin and other components) but the proportions 
depend on the species being considered (Table 1). The 
proportions of the various constituents present influences 
the degree and rate of decomposition (Table 2). This fact 
helps account for different rates of decomposition of 
different plant species (Table 2). 

Cellulose is a major Constituent (25 to 30 percent) 
of perennial grasses {Table 1). it is present in plants as 
coiled ribbon-like structures composed of a minimum of one 


thousand D-glucose molecules linked through B1-4 oxygen 
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MiNkages. Le to Otten closely associaced With other—p lant 
polysaccharides by absorption or secondary valency forces 

(Gupta, 1967). This association and the coiled nature of 

the cellulose molecule imparts resistance to chemical and 

microbial attack. 

In combination with cellulose, lignin gives strength 
and durability to plant cell walls. Perennial grass roots 
COntaw 25> £O 30 percent Lignin “(Table-1)™.. “Only” coniferous 
and deciduous wood has more lignin. The precise chemical 
structure of lignin is not known, but it is considered to be 
a complex macromolecule with variable chemical characteristics 
and types of bonds (Oglesby, Christman and Driver, 1967). 
Flaig (1964) describes lignin of perennial grasses as 
basically p-coumaryl alcohol units linked through aliphatic 
ether groups, aryl alkyl ether groups, diphenyl linkages and 
carbon of side chains linked with aromatic ring carbons. He 
describes coniferous tree lignin as having a coniferyl 
alcohol building unit while deciduous tree lignin being 
composed of coniferyl alcohol and sinapyl alcohol units 
(Flaig, 1964). Barghoorn (1952) reported that plant lignin 
content was correlated with slow decomposition rates; the 
complex lignin macromolecule being most slowly attacked by 
microbial enzymes. The large number and type of bonds 
randomly distributed in the lignin molecule renders it the 


most resistant plant constituent. With no nitrogen in the 
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structure, other sources of nitrogen must be available for 
microbial degradation of lignin. 

Hemicellulose, another constituent of uncertain 
structure, is found in plant cell walls in association with 
lignin as structural strength yielding units (Gupta, 1967). 
Our incomplete understanding of the structure of hemicellulose 
is due in part to difficulties in removing the hemicellulose 
envelope from the cellulose coils it coats (Gupta, 1967). 
Hydrolysis of hemicellulose yields D-glucose, D+glucuronic 
acid; D=xylose,'D-galactose, D~galacturonic acid, L=arabinose 
and D-mannose. 

Proteime constitutes 5° to7l0 percent of the weight 
GErperennial “grassroots Kononova, 1966, p.~ 112). “In plants, 
proteins serve both as enzymes and as structural units. In 
primary cell walls, the protein portion serves to coat the 
lipid bilayer facilitating proper orientation of the two 
lipid layers. The lipid-protein association would be expected 
totrender céil wall protein more resistant to degradation 
than is enzymic or cytoplasmic protein. To date, little 
information concerning the relative distribution of enzyme 
and structural protein is available. 

Plant waxes (esters of higher fatty acids and 
aliphatic alcohols), fats and resins serve in plant tissues 
as coatings to insure a satisfactory moisture balance in 
leaves and) stems. Kononova (1966, p. 112) reports a 5 to 12 


percent fats, waxes and resins content in perennial grass 
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roots. Although their role in root tissues is not well 
understood, they may protect against disease invasion 


(Stumpf, 1965). 


Microorganisms Involved in Decomposition 


The varied physical and chemical characteristics 
of soil and the diverse nature of plant materials added to 
it, results in a large and varied population of soil micro- 
organisms which decompose plant tissues (Alexander, 1961, p. 

Alexander (1961, p. 168-169) considers fungi to be 
the main cellulose degraders in humid soils while bacteria 
are of greater Significance in semi-arid soils. The large 
number of microorganisms capable of attacking cellulose 
permits its decomposition through a wide range of pH levels, 
moisture conditions, temperatures and oxygen tensions 
(Table 3). Alexander (1961, p. 167) states that degradation 
of cellulose in soil is a joint effort by a broad spectrum 
of microorganisms, with more rapid degradation in a mixed 


culture) than a pure Culture. 


Si) 


Two major problems have been encountered in attempts 


to identify lignin degrading microorganisms. These are slow 
rates of chemical change during decomposition and the diffi- 
culty in extracting lignin without chemical alteration. 


Soil fungi, particularly the Basidiomycetes and Ascomycetes, 
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are the main degraders of lignin; their mycelia are capable 
of penetrating the ligno-cellulose association (Garret, 1934). 
Alexander (1961, p. 206) reports a study in which 44 of 46 
soil Basidiomycetes studied were capable of degrading both 
cellulose and lignin. 

Many soil microorganisms utilize hemicellulose as 
a carbon and energy source (Table 4). Due to the hetero- 
geneity of hemicellulose hexosan and pentosan components, 
the rate of degradation is not constant. Experiments have 
shown hemicellulose to stimulate growth of cellulose degrading 
microorganisms (Alexander, 1961, p. 188). 

Proteins are readily attacked by many soil micro- 
organisms. Peptide linkages between amino acids are hydrolysed 
by proteolytic enzymes, the proteases. The products of 
degradation of proteins, peptides and amino acids may persist 
in soil through complexing with clays and aromatic products 
of lignin degradation. Free amino acids are rare as they are 


rapidly degraded by soil microorganisms. 


Factors Influencing Decomposition Rate 


Study of the decomposition rate of individual plant 
components has been limited by the difficulty in extracting 
the components in a pure state (Jenkinson, 1971). The period 


of residence, in an unchanged state, of each plant component 
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must be yiLewed in terms of the multiplicity of potential 
chemical reactions in the soil environment. 
The association of two or more cellular components 


reduces the rate of decomposition of each component (Table 5) 


Table 5. Decomposition by Pseudomanas ephemerocyanea of 
Jute Preparations Containing Different Quantities 
of Cellulose and Lignin* 


Cellulose Lignin % of Cellulose 
Preparation Content Content Decomposed 
3 % 
A OOS 2 0.0 TOGO 
B O55) 333 9 5%.6 
C Sele Gres oS. 
D S27 lr 9 bi ee 
E Jomo wero Ae ge 


Tucubation, period of 21 days. 


*] Mlexander, M. 19601, Soil) microbiology: p: 467. 


The reduction in decomposition rate may be attributed to an 


increased number of bonds to break between components and an 


i fea 


increased complexity of bonds requiring complex enzyme systems 


(Estermann, 1959). Component associations, such as cellulose- 
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lignin complexes, may sterically inhibit the activity of 
lignin or protein degrading enzymes through prevention of 
proper enzyme-substrate contact (Swaby, 1968). Swaby (1968) 
also suggests organic crypts, a component existing within 
another organic entity, may prevent enzymic attack. 

In attacking any substrate for energy and eventual 
new cell production, sufficient nutrients must be available 
to the microorganisms before any major alterations may occur. 
Nitrogen levels are of particular importance in the degradation 
of carbohydrates for eventual protein synthesis. 

The production ‘of-toxic metabolic» products.of 
decomposition may slow a constituent's degradation (Alexander, 
1365)). 

Clays may strongly influence the degradation of 
plant constituents by adsorbing the constituent and/or the 
enzyme. The reduced mobility of the substrate-enzyme system 
may prevent proper contact for reaction. 

Swaby (1968) notes that orderly polymers with 
regularly repeating monomer units, such as cellulose, de- 
polymerize more rapidly than those molecules lacking order, 
such as lignin. The variable nature of bonding necessitates 
more than one enzyme for degradation. 

The environment must provide proper conditions of 
oxygen tension, temperature, pH and moisture conditions for 


healthy microbial activity. Any one or more of these conditions 
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lacking in the environment may eliminate a required organism 
and its enzyme system for efficient decomposition of plant 


tissues (Swaby, 1968). 


Decomposition Products and Fate 


A discussion of plant tissue decomposition must 
stress the possibility that any constituent may participate 
in soil humus formation; any plant constituent may be totally 
Mineralized and not participate. The environmental conditions 
for decomposition select the role of each constituent 
(Aleksandrova, 1972). 

Analyses of soil organic matter has often shown a 
cellulose content of Jess than one percent (Gupta,, 1967), 
despite a high cellulase content in living plant tissues 
(Table 1). These results imply cellulose being completely 
mineralized and used as an energy source, being used in 
microbial cell walls in the rod-shaped:micelle.form,or.used in 
the synthesis of new organics appearing in soil organic matter 
(Alexander, 1961, p. 163). Cellulose is hydrolysed by cellulase 
enzymes to yield the disaccharide cellobiose. Cellobiose is 
hydrolysed by the enzyme cellobiose to yield two glucose 
molecules. Alexander (1961, p. 173) lists carbon dioxide, 
hydrogen, ethanol, acetickacid., formicracid, (suceinicvactd, 
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cellulose decomposition. He lists carbon dioxide and water 
as @erobici products 

Alexander (1961, p. 200) suggests the outstanding 
microbial characteristic of lignin is its resistance to 
degradation; lignin being the last plant constituent to 
show appreciable oxidation. Flaig (1964) suggested the 
probable absence of nitrogen in the lignin molecule, thereby 
an unfavorably high C/N ratio, limits the activity of ligno- 
lytic microorganisms. This situation is also the case with 
cellulose and hemicellulose and their respective microbial 
degraders. Flaig (1964) added ammonium nitrate-nitrogen to 
accelerate the decomposition of lignin. The source and 
amount of nitrogen available to soil microorganisms is of 
great importance. Research may show a high amino acid level 
in microorganisms to be necessary for rapid decomposition of 
plant tissues. 

Alexander (1961, p. 200) views the initial decom- 
position of lignin as a modification of the macromolecule 
including cleavage of three carbon sidechains from their 
aromatic nucleus and a decrease in methoxyl group content. 
The number of aromatic hydroxyl and carboxyl groups increases. 
The large size of the lignin macromolecule necessitates 
extra cellularvenzyme vcatalysis*. tAfter most*plantccelluloses, 
hemicelluloses and proteins have decomposed, slow changes 
in lignin occur. The changes may include degradation of the 


macromolecule to its constituent phenylpropane building 
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units; oxidataonyor the benzene Tring to’ quinoid structure 
and polymerization of the quinones to a highly resistant 
entity. 

Hemicellulose, also requiring extracellular 
enzymic attack, degrades to its constituent hexosan and 
pentosan sugars used as energy sources and cell synthesis 
(Gray and Williams, 1971). 

Amino acids, the decomposition products of peptides 
and proteins may display unexpected long residence periods 
‘in soil due to complexing with soil clays. Sorensen (1971) 
attributes an unexpected long period of residence of amino 
acids in soil to adsorption of peptides and proteins to clay 
particles. Subsequent enzyme deactivation may occur through 
reduced mobility of substrate and enzyme (Marshall, 1964). 
Soil amino acids eventually degrade with ammonium being 
released as a product (Alexander, 1961, p. 253). Bremner 
(1955) reported 20 to 50 percent of organic bound soil 


nitrogen to be amino acid nitrogen. 


Concepts of Humification 


The degradation of plant tissue constituents 
proceeds with a fraction of the products being used for 
microbial cell synthesis, a fraction being totally degraded 


to a mineralized state while the remainder is found in 
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resistant soil organic matter termed humus. Humus materials 
exist in soil for long periods of time due to resistance to 
enzyme attack. The random nature of bonding in humus and 
the potential for adsorption to clay particles results in 
impeded enzyme attack. 

Through complex physio-chemical changes, all plant 
constituents may contribute to soil humus (Kononova, 1966, 
p. 181)... Kononova (1966, p. 117) reviewed research by 
Mulder and Liebig who produced humus-like substances through 
the treatment of wood, containing 25 percent lignin, with 
alkali solutions. Decomposition of cellulose and hemi- 
cellulose alone: failed to yield brown or black colored humus 
products. Hoppe and Seyler found addition of whole wood to 
the cellulose plus hemicellulose medium resulted in the 
microbial synthesis of humus material. 

The complex reactions in soil leading eventually 
to soil humus should not be associated exclusively with the 
lignin fraction. Although generally much less resistant to 
microbial attack, all other plant constituents may play a 
role in the formation of soil humus. Sterically protected 
by organic macromolecules preventing microbial or enzymic 
contact or adsorbed by colloids may serve individually or 
collectively to increase the residence time of an organic 
material in soil (Swaby, 1968). 

Oglesby, Christman and Driver (1967) proposed a 


simplified pathway for humification which considers lignin 
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to be the major contributor to the humus product. Through 
microbial attack, the lignin macromolecule is degraded to 
its phenyl propanoid units. These are enzymically oxidized 
to highly reactive quinoid structures capable of poly- 
merization to form the condensed humus macromolecule. The 
polymerization of aromatic quinoid structures includes 
condensation with peptides, a product of plant protein 
degradation. The product exhibits highly random bonding of 
aromatic rings. The randomness of the bonding may inhibit 
specific enzyme substrate site conformation resulting in 
slow decomposition (Mahler and Cordes, 1968). 

Kononova (1966, p. 150) suggests a second scheme 
representing soil humus production (Figure 2). This scheme 
differs from that of Oglesby, Christman and Driver's 
(Figure 1) in that it includes plant proteins, carbohydrates 
and the microbial metabolic products in the synthesis of 
humus in addition to the products of lignin degradation. 

Microbial phenoloxidase enzymes are important in 
the oxidation of phenolic structures to quinoid structures 
(Kononova, 1966, p. 142). The reaction diagrammed in 
Figure 3 procedes easily at alkaline pH in the presence of 
phenoloxidases derived from fungi and actinomycetes. The 
eventual products are dark colored polymers (Kononova, 1966). 

A more recent attempt at understanding soil humus 
formation has developed through electron spin resonance 


(B.5.R.) countang.of free radicals,.,A,free radical 1s a 
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Lignin 


Microbial 
Degradation 


Phenylpropanoid Units and Residue 


Oxidation 


Phenolic and Quinonoid Intermediates 


Amino Acids and 
Phenols 


Humus 


Pigures J’. Scheme for humus production from lignin as 
proposed by Oglesby, Christman and Driver. 
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Dead Organisms 


Carbohydrates and Tannins and 
Proteins Lignins 
co. co. 
HO H.O 
NH, NH3 
““\_ Decomposition Tere een ee i 
by Microorganisms by Microorganisms 
Products of Decomposition 
Substances of Aromatic 
Resynthesis and Metabolism Nature 
Substances of Amino Acids and 
Quinoid Nature Proceins 
Condensation to Humus Condensation to Humus 
Figure 2. Scheme for humus production as proposed by 


Kononova. 
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stable molecule with an unshared electron; the spin of that 
electron being countable. 

Free radicals may be stabilized within plant lignin 
by being trapped or caged with a complex organic network 
(Harkin, 1967). Atherton (1966) rejects the caged 
radical concept feeling humus itself is a large free radical 
gaining unusual stability through an extended conjugated 
system. Lone electrons may be stabilized through extensive 
resonance 1) pl OFDitals of aromatic ring structures of soil 
organic matter. Atherton's concept may over emphasize 
electron sharing by resonance. For sharing throughout the 
entire organic molecule, all ring structures must be flat 
and in the same plane. Viewing the entire humus molecule 
as a free radical cannot totally explain the Stability of 
the unshared electron. Atherton (1966) suggests the lone 
electron, giving electron spin properties, originates from 
an oxygen atom. The electron spends less time in the pi 
orbital of the oxygen parent atom as addition and aromatic 
rings are added or condensed to the complex. 

According to Schnitzer (1972), the structure and 
origin of soil organic matter free radicals is not fully 
understood. Steelink and Tollin (1961) have shown the free 
radical concentration to increase with passing decomposition 
time; their research favoring a quinone group accepting a 
Single electron from amines or phenolic hydroxyls to form a 


semiguinone, a stable free radical. Caution should be 
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exercised ag, there 1s no absolute, proof, of, substantial 
quantities of quinone groups existing in soil organic matter. 
Research by Rex (1960) showed free radicals to be stable in 
soil for many years despite, exposure to oxygen .;: Rex (1960) 
failed to find free radicals in living plant tissues. Rex 
(1960) suggests that free radicals in soil organic matter 
are a result of acid or, fungal attack jon. plant, protein- 
lignin complexes. 

Haworth (1971) states useful structural deductions 
cannot be made from current electron spin resonance data. 

He feels much work remains to be done in evaluating E.S.R. 
as a tool for the understanding of the structure of soil 
humus. 

After the death of a cell, intracellular enzymes 
are still active before microbial attack. Swaby and Ladd 
(1965) have hypothesized humic substances may be the product 
of heterogeneous chemical catalysis; the condensation or 
polymerization of free radicals formed enzymatically in 
plant and microbial cells after death. 

In investigating the various concepts and tech- 
niques of analyzing soil organic matter to gain an under- 
standing of the synthesis of soil organic matter, the 
researcher must constantly be aware of the complexity of 
the, soil system. Ihe vsoil environment as capable of many 
chemical reactions, many organic systems and products may 


exist in the soil. 
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Many researchers have proposed new systems for the 
synthesis of,soil, humus. .No single scheme has.been totally 
accepted; “an elenent of probability exists in all proposed 
schemes. An, element, of frustration, exists.in.studying,.soil 
humus and plant lignin extracts without chemical alteration. 
To date, all lignin or humus extracts contain artifacts. 

It is often difficult to gather information 
specifically dealing with root tissue degradation. Relative 
to studies of root decomposition, past research has emphasized 


the importance of plant surface, growth. 
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MATERIALS AND METHODS . 


oite and) Plant Community Description 


Soil samples containing desired plant roots were 
gathered in May, 1971, from three sites in Southern Alberta 
(Figure 4). The three sites were selected to include three 
dominant plant species and three soil Great Groups (Table 6). 
the plant species selected were Stipa comatav Trin. (& Rupr. , 
Sseipoa wpenvea, Loin Varietye curtiseta Matcha. end Festuca 
scabrelta Torr. and were present in, soil of the Brown, Dark 
Brown and Black Great Groups, respectively (Figure 4, Table 7 
and Plates 1 to 9). Samples of the Brown soil Great Group 
were taken at the Wnetour Research” Substation from SE 16-2-4 W5. 
This is a Brown sandy loam in the Brown soil zone developed on 
g@lactal cill. $o. comacamias the dominant plant species at 
the site sampled. Samples of the Dark Brown soil Great Group 
were taken at the Pinhorn Ranch from NE 19-2-6 W4. This is 
a Dark Brown loam in the Brown soil zone developed on glacial 
tilt. S- sparteayvarvety Curtiseta was the Ccominent plant 
species at the site sampled. Samples of the Black soil Great 
Group were taken at the Streeter Basin from SW 27-13-1 W5. 
Thos 2s a Thin Black clay loam an the Black soii gone 
developed on glacial till. F. scabrella was the dominant 


plant species at the site sampled. 
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Plate 4, Landscape, Brown Great Group, Onefour 
Substation, SE 16-2-4 W 4. 


Plate 5. Stipa comata at above location. 
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Plate 6. Landscape, Dark Brown Great Group, Pinhorn 
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Plate. 7. MSE ipa spartee variety curtiseta at above 
Location. 
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Plate 8. Landscape, Black Great Group, Streeter 
; Basin, SW 27-13-1 W5. 


Plate 9. Festuca scabrella at above location. 
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Sampling Technique 

Each site was sampled to a six inch depth with the 
surface growth cut away and discarded. The samples were 
washed by hand squeezing in a stream of water to carefully 
separate the root fibers from the mineral portion of the 
soil. 

the roots were separately air dried and ground in 
a Wiley Mill, Model No. 3, to pass through a one millimeter 


screen. 


Experimental Design 


The main experiment was designed to facilitate the 
study of the chemistry of the fresh and decomposing root 
tissues and their rates of decomposition. To this end 
samples of three root species were individually incubated in 
duplicate at 28°C in quart (938 °ml.) milk bottles “for various 
lengths of time ranging from 2 weeks to 47 weeks. To each 
borer, 205000. Of «dalled =ground ToOtSs Of One “Grass species 
was added with 200 ml. of distilled water. From each 
respective soil, a 10 ml. inocculum from 25 g. of soil shaken 
in 100 ml. of distilled water for 24 hours was added to each 
DOvele, aAtr, SCrubped Oe CO, and alrborn mucrobial Spores’, 


was passed through a glass tube reaching below the liquid 


level in each bottle providing an oxygen supply and a method 
of slow mixing. Each incubation bottle was occasionally 
Shaken by hand to prevent anaerobic conditions through 
settling of root particles. Respired. gases and bubbled air 
was allowed to escape through a second hole in the stopper 
Of eachebocrle (Piaten 10s, 

Duplicate samples of each grass species were 
removed from the incubation Soe Cote a Oreo LO, be; 
16, 20, 24, 37 and 47 weeks of incubation and prepared for 


analysis. 


Analytical Techniques 


A. COo Respiration 


The co. respired by the microorganisms degrading 
the root material was monitored according to the methods 
describedgbysscotshy a(19605)).5 Arter bubbling into -the 
incubat Lone slacit, «the iaaraand respired CO, was bubbled 
through Tan yaedditional trap containing IN NaOH) (Plate 11). 
Atmospheric CO, was scrubbed before being bubbled into the 
incubation Dottles by passing the” air’ through 2N NaOH. In 
addition to removing CO, from the air supply, microbial spores 
and water was removed in the gas train (Plate 10) by glass 
wool and bubbling air through 2N H.S0,, Tespectively.-) Three 
samples of each grass species were monitored for a total of 


ol days. 


i ° meg 
eal 5 by hive: 5 di To gay yso! ii 
- 


vii nnd web ; agw'® wired ‘einai ees 


> is ssaisitewo % ier ake 7 Ts 1 


a 


+ 


4 ‘ 


. ; 
Path eal Ad 
= ay i i 


han soeap pes bqwed ak ti a 


=e. 
— fey. 
: i 


a . 
ns 
> s 
a _ 


»it+ od afar Breded os anyucrld aioe’ i 
| Or eaei) st 


“—ttip 


“ 

* 
=i 
lig 


lag 


Pe 
> 


. 


= 


} y 2ce ees tv dfa¢g io a T aqme se, assol aM ay a 
. i : bas Ratz 7 ie , = 
Gj ty eh ae 3%a yepoayi Hont odor tid ont, om ad bey ii 7 


vs woldedpont Yo ateow 2 bes ee. soe Sb: 


Tt 4neP 
_ = = 7 a 
> j ~-_ : - 


a 
ry 


: f & a Pn = 
er4 r ¢' id “9 £3 by 
Se —- - Ra 
i 
1 
Mt 


is. ie | a 
oe GC Ou hb ons be: S kelo: hii inizason 8088 
5 E ho 

4 , P : ' —_ 7 A a i 
fy ond pehidnid aorta, BURL) yededs ad 
a5 ; 7 - ” age Ki 
efceprd 25” 09 haniqass Ere tte ed Kael! ; ois ad 
7 


SF 


— 


“we Mi onewbeemba of ‘ua “{aobis iki 


a6 & 


- 


7 7 
oti’ Beidee pated sadted baddsrave sal oe ! 
; ’ 


f] Wook Wh apecwid ate edd ' yohene, “d nefssed ll Jadu 
—_ i 


ied sen ae ae meres 


a 
4 
© 
4 
= 
. 
4 
Ra’ 
tial 
ei 


a 


5) 


lyse 2 mats ae a 


= 


Oo. 
Pa 2. 


fi bas} Be ude gk 
B Ss: = Vs 
aa if 
: a a i 
= - = AS 
i MN Hl 


| 
y 


\ 


a 


Plate 10. Incubation chamber. 
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Plate ll. 


Incubation bottle 
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Be sample =Preparation 


At selected incubation termination times, duplicate 
Samples of each grass species were centrifuged for 5 minutes 
at 2,000 r.p.m. The liquid portion of each sample was 
filtered through a Whatman No. 4 filter paper and the pH 
taken with a Fisher Accumet Model 320 Research pH Meter. 
The filtrate (water soluble fraction) and the residue (non- 
water soluble fraction) of each sample were separately 
freeze-dried using a Virtis Freeze-drier and stored for later 


analysis. 


C. Degree Ob lydrolyzabality 

Residue samples were hydrolyzed in 6N HCl for 16 
hours at 100°C (Mortensen, 1965). The hydrolysed material 
was passed through a glass filter. The filtrate was made 
up to 25 ml. with distilled water and the residue dried for 


24 hours at 105°C. 


D. Elemental Analyses 


Tey Oba Carbon 
Total carbon determinations were done on both the 
water soluble and residue fractions by dry combustion at 
900°C for 15 minutes in a stream of O,- The evolved CO. 
was collected in Ascarite. A platinum chloride catalyst 
was used to ensure complete conversion of organic carbon 


to CO. (Allison, Bollen and Moodie, 1965). 
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2. Total Nitrogen 
The total nitrogen content of soil and residue 
samples was determined by the regular macro-Kjeldahl 
method described by Bremner (1965). The total nitrogen 
content of the water soluble fraction was determined by 


the semimicro-Kjeldahl method described by Bremner (1965). 


3. Total Hydrogen 
Total hydrogen was determined with a Coleman Carbon- 
Hydrogen Analyser, Model No. 33, by the Microanalytical 


Laboratory, Department of Chemistry, University of Alberta. 


4. Total Phosphorus 


Total phosphorus was determined using the perchloric 
acid digestion followed by colorimetric determination 
with sulfomolybdic acid as described by Olsen and Dean 


(LiGs)r. 


E. NHy and NO3 


NH, and NO3-N determinations were done by the steam 


4 
distillation method described by Bremner (1965). 


Fr. Functional Groups 


1. Acidic Functional Groups 


The total and carboxyl acidity of samples were 
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determined by the procedures described by Schnitzer and 
Gupta (1965). Phenolic acidity was evaluated by the 


difference between values for total and carboxyl acidity. 


Methoxyl Groups 

The methoxyl content of each residue sample was 
determined by the Zeisel semimicro method described by 
Clarke (1929) 54.An additionalstest tube.of liquid bromine 
was utilized to ensure complete trapping of CHI carried 
inythemstreamsok Con, 


2 


Fundamental Polymers 
Lignin 

The method described by Czerkawski (1967) was used 
to determine the residue lignin content. Soxhlet ex- 
traction with ethanol and benzene extractants followed 


by refluxing with 1N H,SO, removed all other plant 


2a 
constituents from the residue samples. The remaining 


lignin was dried, weighed and corrected for ash content. 


Carbohydrates 


The procedure described by Deriaz (1961) was used 
for the determination of residue soluble and structural 
carbohydrates. Samples were successively extracted with 
diethyl ether, 0.5 percent ammonium oxalate solution, 1N 


HSO, and 72 percent H.SO,. Soluble carbohydrates in “the 
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ammonium oxalate solution were determined by anthrone. 
The hydrolysed pentosans and hexosans in the combined 
1N H,SO, and 72 percent H, 


with aniline acetate and chromotropic acid, respectively. 


SO, extracts were determined 


3. Amino Acids 

Residue amino acids were extracted in 6N HCl at 
100°C for 16 hours. The hydrolyzate was cleansed of 
impurities on Doxex 50 (x-8) cation exchange columns. 
Total amino acids in the residues were determined by 
the Moore and Stein (1954) colorimetric method using 
ninhydrin. Absorbance was measured at 570 mpon a 
Bausch and Lamb Spectronic 20 colorimeter. The relative 
molar ratios of residue amino acids, acylated n-butyl 
esters with trifluoroacetic acid, were determined using 
the gas chromatographic method of Roach and Gehrke (1969). 


6 


A 2x10 - mole ornithine internal standard was used in 


every sample. 


H. doirared,Wltrayicle: and Vistble  =spectra 

A Perkin Elmer Model 457 was utilized to produce 
the infrared spectra of the residue and water soluble samples. 
Each sample was pressed to a pellet in KBr at 18,000 p.s.i. 
pressure for five minutes under vacuum. Freeze drying, each 
sample reduced moisture interference during printing of the 


infrared spectra. 
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thesultrayviolet and visible spectra of the water 
soluble fraction was produced using a Cary 20 Spectro- 
photometer over a 200 to 360 and 360 to 600 nanometer range, 


respectively. Ardistilled water medium was used. 


TaasSOlisParticiessS:ze Distribution 


The pipette procedure described by Day (1965) was 
‘used to determine particle size distribution of the Ah 


horizons of the soils sampled. 


oe “Asn Content 


The ash content of the samples was determined by 


LGnLEvon Lon four hours at 550°c. 


K. Photomicrographs 


Photomicrographs of raw and decomposing root 
particles were taken with Kodak Versipan film. The root 
particles were mounted in a well slide using a water medium, 
a cover slip, a 10 power ocular lens and 10 power objective 


lens of Weiss microscope. 
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RESULTS 


Root Decomposition 


The three grass species decomposed rapidly during 
the initial 10 weeks of incubation; Stipa comata and Festuca 
scabrellascaci@losing 22 percent of their original root 
WEeLgGnG and, Stipa Spartea variety}curtiseta losing 24 percent 
(Figure 5). Greater differences in the amount of root 
weight lost by each species became apparent in the remaining 
3/ weeks or incubation; Si spertea having lost a total of 40 
percent; #. scabrella 35 percent and §. coOmata~3i percent 
when incubation was terminated. Loss of organic material 
from the root residues was not accompanied by a concomitant 
increase in organic material in the water soluble fraction 


(Table 8). 


Table 8. Weight of Water Soluble Organic Materials at 
Varicus#cenpling Times, from Three Grass 
Species Decomposing at 28°C 


Decomposition 
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The raw root particles of each species, when 
viewed microscopically, consisted of defined xylem, exodermis 
and endodermis tissues. Grinding of the air dried roots 
before incubation caused a smail amount of maceration of the 
GxOdermtsm i) tates, 14eand Vo). The physical decomposition 
of each species was a ioss of the well defined internal root 
structures (Plates Bop ee owed / jeter root particles of 
S. Spatlea andgo mcOmMeta, arter 4/7 weeks ~ retained: only the 
skeletonet ieece rie walls of thevendodermis., ine W. scabrella 
particles retained much of the internal materials but ina 
much less defined form then were found in the undecomposed 


tissues. 


CO> Evolution 


» 


Microbial activity was monitored during the first 
91 days Of incubation by measuring CO. evolution. The 
Eespi bea Carbon from etnearestducs Otgiemscabrella, 5. 


Spartea and &. comata amounted CO ec rand. 2.4.9.7, 


respectively, and accounted for 27 percent, 27.5 percent 
and 29 percent, respectively, of the raw root carbon content 


(Table 9 and Figure 6). 
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Plate 13. 


Festuca scabrella root residue (x 100) 
after 47 weeks incubation at 28°C. 
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Plate 14. 


Plate 15. 


Raw root (x 100) 
curtiseta. 


Cc 


of Stipa spartea variety 


Stipa spartea variety curtiseta root 


residue (x 100) 
at 28°C. 


after 


47 weeks incubation 


45 


2 


| Way 


yisixy 


46 


Plate 16. Raw root (x 100) of Stipa coma 


Ss 


Plates i]; Stipa comata root residue (x 100) after 


an) 


47 weeks incubation at 28°C. 
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Table 9. Cumulative Carbon Respired from the Roots of 
Three Grass Species Incubated at g6°C 
peeeiscet ion Cumulative ec CO. a 
Time ee ee ee ee ee ee ee 
(days) Bs scabrella S. Spartea S. comata 
<a 38 35 35 
it 180 124 96 
2 247 138 110 
S) 303 OW ius, S) 
5 472 Dok. 259 
8 59.8 579 399 
a5 799 5a 2 599 
22 9>g hops) Ips 
29 1,094 874 O59 
36 1,216 996 ILS 2 
43 1,378 AM aaa) ne) 
50 a ersye! is, oO 1, 5k6 
om) 1,695 Ne pee ese 
64 1,856 02.0 1,837 
YA 1,994 oO 2,020 
78 Pe op depos Purr ws be es) 
oe Bh Pigs hs bs) 27 9 2,377 
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Figure 6. Cumulative percent of original carbon respired 
during decomposition of roots of three grass 
species for 13 weeks at 28°C. 
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Elemental Distribution 


The raw roots and residues after 10, 20 and 47 
weeks of decomposition of all three species were analyzed for 
carbon, nitrogen, hydrogen and phosphorus content (Table 10). 

Carbon content in the residues of all three species 
rapidly declined in the initial 10 weeks of incubation 
(Figure 7). A moderate loss occurred in the 10 to 20 week 
interval followed by little or no loss in the final 27 weeks 
Gr incubation. §S. comata and fF. scabrella lost 32 percent 
of their original root carbon while S. Spartea lost’ 30° per- 
cent over the 47 week incubation. 

Residue nitrogen content decreased in all three 
species during the initial 20 weeks of decomposition (Figure 
(jis | be Trestaueoni trogen Content, Of Ss spertea gradually 
increased in the final 27 weeks of incubation to 80 percent 
O£ its Original value. 

The absolute weight of carbon was of the same 
order for all three species; the order of nitrogen was not. 
S. comata and S. spartea contained greater amounts of nitrogen 
in the raw root tissues (Table 10). The C/N ratio of the 
raw roots of S. comata and S. spartea was iS / land 227.4, 
respectively; the raw roots of F. scabrella having a higher 
Paros s 2o/ Ue (Pigure 3). “TherG/N ratio of the residues. of 
aad three species remained relatively constant during 


decomposition. 
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Table 10. Elemental Content of Raw and Decomposing Roots 
of Three Grass Species Incubated at 28°C 


a 


Grams of Element in Total Residue* 


Decomposition Time (weeks) 


Element 

Species (g) Raw Roots 10 20 47 

FP. scabrella Cc Siew 6.61 Shee, Seeds) 
N AAs wy 16 16 

H iss 0 v2 . 80 

P .04 202 Ue su2 

S. Spartea c I eehil Gx..0 5.40 Siok 
N 3.6 5 oil 20 wae) 

H 75 SUAS 275 68 

P 04 Agape) 203 an Oe 

S. comata C Ome 6.40 Sem 5.43 
N 45 oor oy 5 oie 

H ou Areill 098 5/58) 

P 04 04 203 AUS} 


~weOriginally 20.000 q.ot roots added to inecubationsboctle. 


For total residue weights see Appendix l. 
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Figure 7. Carbon or nitrogen remaining in raw and decomposing 


roots of three grass species decomposing at 28°C. 
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Residue total hydrogen content continuously 
decreased in all three species during decomposition 
(Figure 9). The residues of 5. ‘COmata lost the gucatest 
amount of total hydrogen with a near linear rate of decrease 
over 47.weeks of incubation. 

A greater loss of residue hydrogen relative to 
losses of residue carbon resulted in an increasing C/H ratio 
im tne Sesiducs OfL/S. spartea find 6. comata curing, incuba- 
tiona(Hegure 20). ) The C/N raeeio of the kesidues of aS 
scabrella remained unchanged. 

Residue phosphorus, during the carat 10 weeks 
of incubation, decreased in all three species (Figure 11). 
The residue phosphorus content of all three species slowly 
increased during the final 27 weeks of incubation. Overall 
loss of residue phosphorus in all three species could not be 
accounted for in the water soluble fraction of each species 
and may be a procedural error. 

Accurate weights of all the freeze dried water 
soluble fractions were not determined; the few samples of 
each species which were weighed contained .22 g or less 
Tatceriat. win all cases, the amount of carbon, nitrogen, 
hydrogen and phosphorus in the water soluble fraction was 
less than the losses of these elements from the decomposing 
resitaues. (Table il). A small amount of the water soluble 


nitrogen was accounted for as ammonium and nitrate nitrogen 


(Table 12). 


saneteb to oanr teed dail a titiw napowhyd La: : 
-rotgudwomt Yo 1 vs 
at eviselss nepeukyd oebiees to esol ane _ 


— 


ottns TO petesedal om AE peatiuees a nananionapic’> 

sdeoat palsuh sherioh 2 Bas gogusge aadhy 

‘% 20 euvbiags adda yo ofapt H\D . (2 (OL 8 

_ dopmastonty Fapee ve 

efepyw OF feitial eds ofibape RS ROHE «: i 

(Lf oexvmpla) esltoste sag Ife at bossenont nome . aia 

viwele eaigoue se28? Lig, Jo snelneD eupodqeodg bine 

tissevO .atitsduomkh to edooew TS Lent? ed prilaob 

xf tom Bblwoo geicaqs saudi? Lis ah ns oubis 

eeraeys dome ro s@itoss2 sidufoe xsdew pad mk 103 

s1orre IsroBsve1g # aad 

toonw Dedith osest? ade ifs to eidplew aint 

30 2afamse wet ei (bemtenedeb son #248 enoizoext * ft 

peal so p SS. bartis 399 baigiow stew do kdw at A 
\nspoutin \mexires Re sadoms: ods a Ils alt 

euw sokdonst siduioe o ae oflgs on be ae 


; 
© 


54 


"O58¢ Fe 5butsoduossp 
Setoeds sserz6h serzy4 FO S}OOA HutTsodwodep pue mex FO A4uSsRZUOD usborApAyY 


(syaem) JWIL 
OS OV O€ OZ Ol 


D//PIGOIS DINISAY | ‘ 
DJasiyiN AjaiIDA DAVOS OAS @ SY 
DOsoWwod OaN4¢> ‘e) 


OS 


09 


OZ 


08 


06 


00 


N39OUGAH IVNISIYO JO LN3D83d 


iG) sania 


de ebecTea 


Spree cue 


oO xs 


i 


“7? 
E 


Le 


oecct 


5p 


“D082 Fe Hutsoduosep 
Setoeds sser6h sezy} FO s}ZOOT Hhutsodwodep pue mez Jo oTR7eA H/D “OT oanbty 


(syaem) JWIL 


OS | = Ov | O€ O02 Ol 6) 
—6... 
$4 Ee eee ee 
fe —~_ 
ae 
=_ 2 
ae 
(oy ee O 


O//AIGOIS DINISAY 
DJasijiIND AjalsOA DAaYJOGS OAS @ 


ag 0 D{OWOD DANS oO 


On 


© 
INGISSY Nl 


OllVa H/O 


‘otomes gant © 
ae a Go otszitw tYenoy OBNOGT sat ® é 


” Sergent o> green s 


oo 


= 


"D982 Fe Hutsoducosp setoads 
sseib oaxzuq JO $200X Hhutsodwuodssep pue meA JO Auayuood snrSUdsoUg 


(sysem) Wil 
OS OF O€ 02 Ol 
EES ea ies Ge a Se a aa A 3 na a ae Ss BR Sasa Con 


D/[PIGOIS DINISAY Ww 
DIBSIWIND AyOIDA DA{JOCs DANS @ 


DJOWO? OaHS O 


a Ne | ee | 


ETL panora 


Oot 


INGISSY NI 
SNYOHdSOHd IVNIOIWO sO LN3 03d 


leieew) ae83t <a P< 
; “seared kk uel? 


avacmye 


Sas anleog 7) OT? Stu we y = 
wot ts getecamicel 


Saeip Sans ic 


* 


For total dry weights see Table 8. 


Table 11. Elemental Content of the Water Soluble Degradation 
Products of Three Grass Species 
Decomposing at 28°C 
Elemental Content (% dry wt.) * 
Decomposition Time (weeks) 
Element 
Species (%) Raw Roots 10 20 47 
BP. SCabrella Cc 33 20 25 24 
H 5 3 4 3 
P 5 2 2 s) 
S. spartea C 30 Bik 22 25 
H 5 4 ) 4 
P 6 3) ql 5) 
S. comata C 30 Zo 27 20 
H 5 3 4 3 
P 3) i al 2 
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Table 12. Nitrogen Content of the Water Soluble Degradation 


Products of Three Grass Species Incubated at 28°C 


SN 
6 Weeks 37 Weeks 
Species form Of N Decomposition Decomposition 
Pie@scabrel ia Total 224 2. 
NH,” a “07 06 
NO. - N .06 02 
S. spartea Total hed 1.38 
Ni teen Hig g 
4 
NO3 - N fo a5 
S. comata Totan 226 ZNeaL 
NH,” -N al 04 
NO,” - N .03 .09 
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Constituent Distribution 


Residue percent lignin increased in all three 
Species during decomposition possibly due to a more rapid 
decomposition! of{other root constituents (Table 13). Per- 
centage increases in lignin content of the residues of F. 
scabrella, S. spartea and S. comata were 21 percent, 31 
percent and 322 percent, respectively. The Lignin constituent 
did degrade in all three species. Percentage of original 
Pignigelost Grom che residues of F. scabreliay &. spartea 
and 3.9 COmMatLdi Was. 2tspercent, 21 percent and WO percent, 
respectively. 

Raw root and residue percent nonhydrolyzable 
material remained between 51 percent and 61 percent in all 
three species during incubation (Table 14). Percentage loss 
Of nonhyvarolyzable ymaterial in the residues of fF. scabrelila, 
S. Sspertea and Seieomata was 31 percent, 42 percent and 25 
percent, respectively after 47 weeks. The results 
demonstrate degradation even of organic tissues which 
are resistant to-acid hydrolysis. The greatest degradation 
occurred in the roots and residues of S. spartea. 

The majority of raw and decomposing root carbo- 
hydrates were in the form of structural carbohydrates (Table 
15). The decomposing roots of S. comata. lost jthe.greatest 
amount bees cane tural carbohydrates, 61 percent, while the 
tissues of F. scabrella and S. spartea lost 43 percent and 


39 percent, respectively (Figure 12). 
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The decomposing roots of S. comata Lost the great— 
est amount of structural carbohydrates in 47 weeks, but lost 
the least amount of lignin. The residues of F. scabrella 
and S. spartea each lost about 40 percent of their structural 
carbohydrates and 21 percent of their lignin. S. comata 
lignin loss amounted to only 10 percent. In all three species, 
the structural carbohydrates degraded and loss exceeded the 
loss of lignin from the residues. 

The amino acid percent distribution and total 
content was assayed in the residues of all three species 
after 4 and 37 weeks of incubation (Table 16). Amino acid 
changes in types and amount were evaluated as an indicator 
of changes in microbial enzymes. Changes in amino acid per- 
cent distribution was expressed as an absolute range or sum 
of the range of percentage distribution of each amino acid 
for each grass species over the 33 week interval evaluated. 
The largest absolute range was 21.1 percent in the residues 
Of) Ss spartea.. This figure may be indicative of the greatest 
degree of enzyme alteration in the microorganisms degrading 
S. spartea tissues. Enzyme alterations are conducive to a 
greater versatility of enzymes to degrade different sub- 
strates. The weight of total amino acids in the residues of 
S. spartea also increased from an initially low, Vvaluewor, .2605 
to .74 g. This may be indicative of a greater weight of 
earned degrading the residues of S. spartea. The greater 
enzyme weight may be conducive to a greater capacity to 


degrade the given substrate. Residues of F. scabrella, with 
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Table 16. Amino Acid Percent Distribution and Total Content 
in Raw and Decomposing Roots of Three Grass Species 
Decomposing at 28°C 


ni i a a 


ae Sane eta a a se rr ee 


Percent Distribution 


a a 


Decomposition Fe scabrella S. spartea 2. COMmMata 
Time (weeks) 4 a0 4 37 4 37 
Amino Acid 
Alanine Les ERAS, ses) 8.8 Lot cha! 
Valine 3.3 Las) 822 Seo OnS LOSS 
Glycine 14.0 LS aL? <0 i230 L214 921 
Tsoleucine ya) 655 6 Dei Ba TENS 
Leucine OE T2308 HE AG TAL 4 14.0 14.0 
Proline 65:8 Had 60 Bie 6.4 Dre 
Threonine 4.3 Dee 4.9 4.8 4.8 On 
Serine 57 Dee Biel epee 4.9 Dae 
Phenylalanine 3...6 4.9 4.4 6.5 ie ELSS) 
pepartcic acid 5S) 8) Gi Ol Que Thess) 
Glutamic acid Bao Oa (ERS ees 6.3 fel 
Lysine 8.0 Sues: Whos 8.2 one 5) 
Absolute Range* LO eos Zi % Lo.2% 
Total Weight (g) 20 1.14 26 74 1.04 2 
Percent Change 307 sim Mest -60 


* Calculated by: Summation |» Amino Acid (Week 4 - Week 37)]. 
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the lowest absolute range of 10.5 percent, also increased 
their total amino acid weight from .28 g to 1.14 g. Residues 
of S. comata, with the intermediate absolute range of 15.2 
percent, was the only species to decrease in total amino 
acid total welght from 1.04% toe s42"q.- The increases=in 
the total amino acid content in the residues Of gid tures 
species may be a result of microbial synthesis of amino acids. 
Flaig (1970) reported addition of easily decomposable plant 
material to soil increasing the amount of amino acids 
through microbial synthesis. 

Leucine, glycine and alanine were generally present 
in higher amounts in the residues of all three species at 
both assay times. Flaig (1970) reported similar results with 


soil hydrolyzates. 


Functional Groups 


Many authors have successfully utilized decreasing 
numbers of methoxyl groups in degrading organic tissues as 
an index of humification. The numbers of methoxyl groups 
decreased only in the residues of F. scabrella and actually 
increased in the residues of S. spartea and S. comata (Table 
ds) 

The loss of a methoxyl group during decomposition 
of Aegan tc tissues is an oxidative process with the production 
of one carboxyl group per oxidized methoxyl group (Oglesby, 


Christman and Driver, 1967). The carboxyl hydrogen content 
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Table 17. Methoxyl Group Content of Raw and Decomposing 
Roots of Three Grass Species Incubated at 28°C 


Methoxyl Group Content (mg) 


Decomposition eel Se a oe a es ie ea 
Time (weeks) E. scabrella S. spartea S. comata 
Raw roots 96 oe 29 
2 64 7 129 
4 epee 108 35 
6 50 LO7 86 
8 45 o> 67 
10 78 ou 68 
i 52 54 81 
16 55 oye 90 
20 58 43 2 
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of the residues of all three species decreased during 
incubation (Table 18). A situation of reducing conditions, 
rather than oxidizing conditions, may have existed in the 
incubating system. Carboxyl groups may have been reduced 
to methoxyl groups rather than methoxyl groups oxidized to 
carboxyl groups. 

The totedwacid hydrogens in the residues or a 
scabrella and S. spartea decreased from an initial 34 mg and 
33 mg, respectively, to 18 mg and 26 mg, respectively (Table 
IB) Lotal acid hydrogen in the residues of S.. comata 
increased from 22 mg to 25 mg in the incubation period. The 
residue total acid hydrogen so exceeded the carboxyl hydrogen 
in all three species that the phenolic acid hydrogen (by 
difference) followed the trend of total acid hydrogen (Table 
rs ee 

The pH of the distilled water medium utilized to 
harbour the microorganisms and decomposing roots, remained 
between 8.3 and 7.5 for all three species during incubation 


(Tables) 5 


Spectroscopic Analysis 


The infrared, ultraviolet and visible spectra of 
the water soluble material for all three species were studied 


to gain information concerning the chemical structure of the 


materials. 
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Table 18. Total Acid, Carboxyl and Phenolic Acid Hydrogen 


Content and pH of Water Medium of Raw and 
Decomposing Roots of Three Grass Species 
Incubated at 28°C 


Total, Carboxyl and Phenolic Hydrogen (mg) 


and Medium pH 
Decomposition Time (weeks) 


Form of 
Hydrogen Raw 
Species (mg) Roots 10 20 47 
Pe scabrel la Ota le acta 34 Zi 23 18 
Carboxyl i 3 3 3 
Phenolic oR | 18 20 1» 
pH 8.2 yet Sie 
5. Spartea Total acid 33 29 26 26 
Carboxyl 8 5 4 4 
Phenolic 25 26 22 22 
pH 8.0 Lad ee) 
S. comata Total wacid 22 26 22 25 
Carboxyl 5 3 3 3 
Phenolic any 23 18S) ae 
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The infrared spectra of the water soluble fraction 
for all three species suggest the fraction to contain many 
different types of bonds which change in type and number 
during decomposition of the root tissues (Figures 13, 14 and 
15). The three species had similar spectra and only slight 
modifications in the spectra occurred during the decomposi- 
tion period. Each species gradually lost a peak at 2,900 om + 
(aliphatic C-H) indicative of decomposition of aliphatic 
molecules and groups. The spectra of each species gradually 


shifted a peak at 1,620 Sa (C=C stretch) to 1,600 ones 


Pee aaron a 


and gradually shifted a peak at 1,410 cm 
(calecnot ,COOm I sihe formation of ail 380 cm? peak may 
have been a result of cellular disruption releasing cations 
to react with carboxyl groups to form respective salts. The 
spectra of each species indicated the possibility of un- 
saturated carbon bonding in the water soluble fraction. The 
water soluble material from the decomposing residues of F. 


1 (COOH) after 


scabrella completely lost a peak at 1,720 cm 
10 weeks of incubation. 

The infrared spectra of the decomposing roots 
after 2 and after 47 weeks of decomposition in all three 
species indicated little or no change in the types and 
eneeaaety of bonding in the residue materials (Figure 16). 

The ultraviolet spectra of the water soluble 


fractions of each species had no definite peaks useful in 


structural determinations (Figures 17, 18 and 19). In 
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studies of soil humic materials, Felbeck (1965) concluded 
the ultraviolet spectra to be featureless. There appears 
to be much more work necessary for proper evaluation of 
ultraviolet spectra. 

Campbell (1967) and Kononova (1966) have shown an 
inverse relationship between E4/E6 ratios and the degree of 
increasing complexity or condensation of the aromatic nuclei 
of humic substances. The simple water soluble materials 
produced during the decomposition of each species were scanned 
with visible light to observe possibly the direct relation- 
ship between E4/E6 ratios and increasing degree of simplicity 


in the chemistry of the water soluble fraction (Table 19). 


Table 19. E4/E6 Ratios of the Water Soluble Fraction 
of Raw and Decomposing Roots of Three Grass 
Species Decomposing at 28°C 


Decomposition Time (weeks) 


Species Raw Roots 10 20 47 
Fe scabrella i RBS) Laeare Pe2g Ibe Re: 
S. spartea pha Re} Ug Oe) dia 7. Gr? 
S. comata bo23 eA oie} PLES) 2S 


A direct relationship was observed; the E4/E6 ratios of the 


water soluble fraction of each species increased during 
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incubation. The E4/E6 ratios of F. scabrella and S. spartea 
water soluble materials increased continuously during the 

47 week incubation period. This trend may indicate contin- 
uous chemical changes in the water soluble materials of 

these two species during incubation. The E4/E6 ratio of 

the water soluble materials of S. comata attained a maximum 
after 10 weeks of incubation and remained unchanged for the 
remaining 37 weeks. This may indicate a situation of 
Chemrcalwalterdtionsin the water soluble: fraction of TS. 
comata occurring only in the initial 10 weeks of decomposition. 
The materials constituting the water soluble fraction of each 
species may be altered by changes in the residues and micro- 
bial suite. Water soluble materials may be utilized by 
microorganisms as nutrient sources of nitrogen and phosphorus 


or they may condensate with humic products of decomposition. 
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DISCUSSION 


The chemical analysis of the undecomposed or raw 
roots of the three grass species studied exposed a difference 
in the starting materials in terms of elemental distribution 
and constituent content. 

The amount of root weight (dry ash free) lost 
during the 47 weeks of incubation indicate the root tissues 
of Stipa spartea variety curtiseta degraded at the fastest 
rate; the roots of Stipa comata degraded at the slowest 
rate. The difference between the losses of percent root 
weight of the fastest degrading tissues and the slowest 
degrading was only 9 percent. However, the roots and 
BPectaues OFS. comata lost 33° percent of its original! carbon 
whereas Festuga scabrella and S. spartea lost 32 percent 
and 28 percent, respectively. The greatest percentage loss 
of carbon occurred in the tissues containing the highest 
nitrogen at 3.1 percent and the lowest C/N ratio at 18/1. 
The least percentage loss of carbon did not occur in the 
tissues containing the least nitrogen or having the highest 
Cyiesario., The 1oss of carbon) did mot give, then sane in] 
dication of decomposition as total ash free weight loss 
possibly due to losses of root hydrogen and nitrogen while 
carbon sources were degraded and synthesized into water 


insoluble products. Influence of root ash was not ‘studied. 
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Numerous authors have reported plant degradation 
rates in relationship to the chemical composition of the 
degrading tissues. Paul (1970) reports plant and animal 
tissues adequate in nutrient content and low in Iroqnin 
degrading rapidly. Bartlett and Norman (1958) report sim- 
ilar results; lignin tending to accumulate in decomposing 
tissues as the least available major constituent. Kononova 
(1966, p. 117) reports research by Trusov showing more rapid 
degradation of highly lignified tissues in the presence of 
protein substances. Flaicg (1964) and Kononova (1966, p. 42) 
report faster degradation rates ee high 2n Structural 
and soluble carbohydrates. Research by Flaig (1964) and 
Jenkinson (1966) report the elemental nitrogen content to 
be of critical importance in degrading tissues. Jenkinson 
(1966) found the amount of carbon lost from degrading plant 
residues to be directly related to the residue nitrogen 
content. Flaig (1964) found nitrogen levels in degrading 
Plant residues limiting microbial activity. To lower the 
C7Nwracro on degrading lignin, —flaicg added NH,NO, to 
accelerate decomposition. Bartlett and Norman (1958), Filaig 
(1964) and Aleksandrova (1972) have utilized decreasing 
numbers of methoxyl groups in residues as an indicator of 
rate, of cecomposition. Kononova (1966, p. 126) sites in- 
creased numbers of acid groups during decomposition as an 


indication of humification. 
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Analysis of the original content of lignin and 
carbohydrates in the three grass species did not predict 
thesebservederates of decompositions in: terms) of, 106s..0f 
Original root weight. The raw roots of S. spartea degraded 
at» the fastest, rate despite having the highest lignin content 
aba28_percent. The: roots,of §. comata, degraded, at. the,siow- 
est rate despite having the highest nitrogen content at 
Bedspercent. The methoxyl group content of the roots and 
residues of all three species oscillated rather than continu- 
ously decreased... Many of the, results attained in this.study 
disagree with results reported in the literature. The 
explanation for the observed rates of loss of percent root 
weight may be found in the changing distribution and total 
amount of amino acids in the residues of each grass species. 
Qualitative changes in the amino acid distribution in the 
residues were expressed as an absolute range or sum of the 
absolute range of the percentage distribution of each amino 
acid over a 33 week period. Protein synthesis is genetically 
eConcrolled) (Mahler and Cordes, 1962). It 12s probabie that 
the protein (hence the amino acid) suite will vary from one 
type OL organism to another. Therefore, changes 1h the 
relative distribution of amino acids in decomposing root 
residues may be considered a reflection of the change in 
the character of the residual material from one dominated 
by unaltered root residues to one dominated by microorganisms. 
The greater the change in relative distribution of amino 


acids, the greater the amount of alteration one may expect 


+ 
= 


“ines bite Dae 4 tate io pnttek 


t 4 Jes 


sodibeng eo bie asioage 


he satel So samo ‘stl 02 tsequBoR® 


BM fot. Vials ne 


bebsaypah saz rege of 20 APO . niditt ear. tee, 


tA 


iragnop minipil sander Stic prived viteesd ots, a 


“hile aly oe bsbbapeh etanes af te agony: adit ae 
vy Tt a ee nw! ane : i if 
3m J2nednmo nsopozten seen ht sd ahaa ostgeab & over Jae 
Tie z : 
bas E200" 4.3% tootnor gravy Pyxoniem. aut’? 


4" 


«palygngo astée tadgex Sovelivese eng pegs eons. ita 20 | ‘gout 


ott siusocieol, ef? ab botaoger 2etigess 


etpy bewre2da etl x02 no 


alta’, Ieee ; , 


sitet Pre noldediatedb peipaatio env ae base bad 


\ 
* 
4° 
fr 
o. 
t~ 
ie 


org wi notdydisd b Soe onime ote nl ; eopant, ovis 
r > wun to otc. 2c0 fon 16 22 BS bonasaqns : re 

| uy 

ims Mobs Yo noituclinged® sppdnequed¢ at? te oon 


l Les 


ia 
« 
ee 
fw 
ry 
o 
aie 


nbagxors bare tow ts 


tjsds oldeadgouq of 33 (heel ,. asevot ine retat fac 


soar io 


to gona yrsv Libw ediva, (hier opps “Hes 


oid wt weptato (sasoiewsnty? Ree) 
Jeoox pnizognossh 3 ai sedated dain! Ag 
mt apasdo sit io couagndign B bax othe 
 bataninob anh mors iqasen jue 


on ee 


etiaginoo 2 ba ce baton ai 
a’. 


83 


to have occurred in the residues. The greatest change in 
amino acid distribution occurred with S-cspartead ,.2ia4 
percent, which would indicate the greatest change from 
plant to microbial protein. S. spartea also lost the great- 
est amount of root weight. Part of this apparent conversion 
from plant to microbial protein results from the increase 
dnstotal aminofacidscontent in Se«spartea.and also in F. 
scabrella. 

The change from a system dominated by the compon- 
entswofaplant) roots to! onerdominated by microbial products 
is consistent with many of the present concepts of humifi- 
cation (Haworth, 1971). The concept that lignin. degradation 
products are converted into humic materials with the in- 
corporation of protein nitrogen is consistent with the 
Obserwed> Ossaodme aoninarromess Bspartearandt build up of 
amino acid nitrogen. This trend was less pronounced in 
Ss. Comata (smalleriloss of Pignan, actuals loss an total 


amino acids and smaller absolute range). 


An abundant supply of nitrogen in decomposing 
plant tissues is considered to favor rapid decomposition 
and a high level of microbial activity (Jenkinson, 1966). 
This may be expected to favor those organisms which grow 
rapidly and hence those functions which can proceed rapidly 
at the expense of slower functions. Hence, increasing 
Miterogen supply should accentuate, tie ditlerence: an break- 


down rates of easily degraded as opposed to highly 
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recalcitrant materials. This was observed in this study. 
S. comata, with the highest nitrogen content and lowest 
C/N ratio (18/1) lost twice as much of the original carbo- 
hydrate component as was the case with the residues of S. 
Spertea cond He scebrellia. Also; only 10 percent of the 
lignin in S. comata roots was degraded whereas 20 percent 
Was lost from 5: Spartea and F. scabrella. 

kKononovay (1966, p>. L12, 113. and 1L@l) describes “Che 
PLOCUCES Of Dlante tissue humitication as being =arahly ‘con- 
densed aromatic molecules of high molecular weight and low 
SeLonatvewroup COnLeNL. | Wright and Schnitzer: (1961) %con— 
cluded half soil organic material to be present as aromatic 
compounds. The C/H ratios (weight basis) of four example 
molecules imply increasing degree of aromaticity and conden- 


Salion COINncLding with an increasing C/H ratio. 
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The decomposition of the roots and residues of So 
comata resulted in the greatest C/H ratio in the residues 
(10.6/1). The increase may be viewed as an increase in the 
condensed nature of the organic tissues or merely a loss 
Ot aliphatic molecules initially having a low C/H ratio. 
bie letter ieelikely the case as S. comata lost Gl percent 
of its initial structural carbohydrate content and only 10 
Percent, of 2te lignin content. Increasing €/H ratic would 
appear to reflect the enrichment in lignin and its influence 
on the system ian which S. comata residues were degrading as 
Opposed to &. spartea and F. scabrella in which twice as much 
lignin was lost. Changes in the C/H ratio of the decom- 
posing residues does not appear indicative of increasing 
condensation. Loss of aliphatic molecules and groups bonding 
aromatic units results in a more condensed product of 
increased aromatic nature. The maximum C/H ratio attained 
by any of the residues of all three species was 10.6/1 
indicating the grass species did not become extensively 
altered to a more condensed structure but did become more 
aromatic in nature due to the decomposition and loss of 
Siienatic molecules. 

The E4/E6 ratio of soil humic materials has been 
inversely related to the degree of condensation of the aromatic 
nuclei of the decomposing residues; the increasing chemical 
complexity of the products of decomposition resulting in 


lower B4/E6 ratios (Kononova, 1966). The E4/E6 ratio of the 
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water soluble decomposition products of each species was 
calculated... The maximum ;54/E6 ratio iwas: attained -by the 
waten seluble fraction of -S ascomata.  Wherratio wad rattained 
anbern)0 geweeks solani necubation sand did motdchangasin the 
remaining 37 weeks. This situation may be indicative of a 
great amount of degradative activity in the initial 10 weeks 
of incubation followed by greatly depressed activity for 
the remaining 37 weeks. During the initial 10 weeks of 
tncubation, 3syipercent .of jthe original -S ..comatauwstructural 
carbohydrates were degraded while no lignin was degraded. 
Hy Gheseemaining gii-weeks ,ol0 percent, of the original «6.3 
comata lignin was degraded and 24 percent of the structural 
carbohydrates. The high E4/E6 ratio in the water soluble 
products. formed from, Sepcomata decomposition wis yconsistent 
with the small amount of lignin degradation in this species 
Since products of lignin degradation are probably the main 
contributors to a low E4/E6 ratio in the water insoluble 
component. The gradually increasing E4/E6 ratio, over the 
entire 47 week incubation period, of the water soluble 
materials from the decomposition of the roots and residues 
of F. scabrella and S. spartea imply a continuous reduction 
in the amount of condensed water soluble material. This 
implies either its complete decomposition or its conversion 
to humified material which would then be located in the in- 
soluble residue. This is consistent with conclusions drawn 


on the basis of amino acid distribution and loss of lignin. 
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The incubation period was nearly one year in length 
With.root weight loss varying from 31 to 40 percent and 28 
LOgso,percent loss .of original root carbon. Assuming a 50 
percent efficiency, total carbon attacked may have been as 
high as 50 to 60 percent depending on the amount of synthe- 
Sized microbial material that was also attacked. Kononova 
(L966, se-el58). reports a.study in.which 47 percent of the 
Original weight of timothy roots was lost in 180 days of 
incubation. This may reflect a difference in chemical com- 
position of timothy or different incubation conditions such 
as temperature, aeration and nutrient status. The distilled 
water medium with bubbling atmosphere may not have been 
conducive to maximum oxidative decomposition. Moistened 
roots degrading in a humid atmosphere may have resulted in 
greater oxidative decomposition. 

ther three=solls sampled for the root tissues util- 
ized sin Ehisestudy diitered in ‘organic matter, content, root 
density and Ceptheand color of Ah horizon. Ditterences in 
the organic matter found at each sample site may be attributed 
to those factors not held constant in the laboratory study. 
The factors include climate and its influence on oxidizing 
and reducing conditions at each site, root density and annual 
Sedditaons Of Eresh roots to the soil and the intluence of 
the soil mineral fraction on decomposition. The artificial 
decomposition conditions created in the laboratory did not 


result in obvious product differences in the three decomposing 


=e 


7 . 
fete gneotse he 93 te we t 


fig € anime sen  modttss Jeo aad Q po! & ae a 
i if ; 


ac ned evel vent Dewe Base inbinn e303 one, 
-gsttive, Bo ttm ett? 40 pi2bregehy detep799- Oe wis a a tp. 


Ne 


ey ; 
onwrigs lmiosdhs csbs..geW Ben i ee, taider —_ ber 
; ca 


pia 


i? Yo Ansoren VA toy fl ybuita 6 essoqor (was «8 « 4 20eL 


Te 
to eyed 9G1 ni trol sew BeOOR etvemks Bo stip bow, 
109 Insamyjis- nts TSkb.s ¢oelFer eet: ain? ane bose 
‘inoa engltéebibo: absisdenat Qaarettlh ae ye itomhs 20 aos 
ay 

= 

na a i 

1 gon yam stefiggonse priiddud a 

i ee 


boarorta rol fois { sonreaen syviar oka suet ae oo} evo: eh. o> 
ee fo 


pi Leopigls ptt’ susjetea Fnsetowe Cart nokd axe. | TUF TOg 


Ler a 


betfues bye vem eretggonts oined & ml wma ba 


meant anqmoneb svigabixo’ 16 
Te 
efueelrs toou =i to2 beicuse Bliga eomdy ot 


: AY 4 - 


roto sedsem 2ifeete ni beso? t EB youse ehass 


i ie 
= nae t 
7 —\ 
at egonset? £4 2sisorn 1A do aaah big aan! asi 3 


; 


puis tbsxo no epraut tnt sat hime sagmehho! 
isunnes bie Yitepob too Sikes dias 8 


rn Sans ada Sas ana arty = pe 


ton BB) spiooeasital a _ rn] ott Note 


pert 2OFi veapbieaaAd siid.g at i a arin oi 


ae 


7 SN, a ae nie 


88 


grass species. The influence of climate appears to be of 
extreme importance to the differences in the organic matter 
status in the soils sampled. 

The author wishes to stress a level of caution to 
be exercised in extrapolation of the results and discussion 
Of ne manuseripe. The “study was conducted using: only tne 
roots of three prairie grasses. The results achieved may 
not be applicable to all plant species and plant members 
(stems, leaves, roots, etc.) but may serve as guidelines 


for LuCcure studies. 
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SUMMARY AND CONCLUSIONS 


The amount of degradation of the three species 
studied was similar. A slightly faster rate of decomposition 
was observed in the roots and residues of Stipa spartea 
variety curtiseta while the roots and residues of Stipa 
comata decomposed at the slowest rate. 


Conclusions drawn from this study are: 


ie tne totale nrerogen contents or the original root tissues 
could not be used to predict the order of rate decom— 
position of the three grass species. The C/N ratios of 
the original -stissues: did) not. predict’ the rate of 


decomposition of the roots of the three grass species. 


2. The grass species with the highest root lignin content 
did not degrade the slowest; the grass species with the 
highest. roce seructural carbohydrate content did not 


Gegjrags ule muaseese. 


See homincreace 1 tOOu totals amino Acid contentrover, tie 
decomposition period and the absolute range of the 
analyzed amino acids were the parameters predicting the 
order of rate of decomposition in the three grass species 


studied. 


4. Mineralized forms of carbon, nitrogen and hydrogen were 
Vost by the roots and residues of all three species. 


Losses were probably as CO, NH, and H50. 
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The potential influence of the chemical composition of 
the undecomposed root tissues on the products of ,decom-— 
position could not be properly evaluated. The conditions 
for decomposition and the short length of decomposition 
time may have masked much of the potential influence of 
the chemistry of the starting materials. Improved 
oxidation conditions in the design of the incubation 
system would have more closely simulated decomposition 
conditions in the soil and possibly would have enhanced 


the influence Gf starting materials. 
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APPENDICES 


Table 1. Total Weight of Raw and Decomposing Roots of 
Three Grass Species Incubated at 28°C 
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Total welght ona dry ash=free basis. 
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Table 2. Ash Content of Raw and Decomposing Roots of 
Three Grass Species Incubated at 23°C 


Percent Ash Content (3%) 
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Lignin Content of Raw and Decomposing Roots 


of Three Grass Species Incubated at 28°C 
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Table 4. Nitrogen Content of Raw and Decomposing Roots 


of Three Grass Species Incubated at 28°C 


Weight of Nitrogen (q) 
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Total and Carboxyl Acid Hydrogen of the Water 
Soluble Degradation Products of Three Grass 
Species Incubated at 28°C 
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Table 6. Decomposition Liquid Medium pH of Three 


Grass Species Incubated at 24°C 
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Decomposition Medium pH 
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